The endothelial isoform of nitric oxide synthase (eNOS) is responsible for the physiological production of NO in endothelial cells and platelets. There is evidence that the G894T polymorphism of the eNOS gene is associated with this enzyme's basal activity and NO production, which could contribute to the pathogenesis of periodontal diseases (PD). Therefore, this study was designed to investigate the role of G894T polymorphism in the eNOS gene as a predisposing factor to periodontal disease. In this study we investigated the association of this polymorphism with PD in an admixture population (N = 119) separated into three groups: Healthy control, Moderate and Severe PD, without statistical differences among them for risk factors for PD, such as age, gender and smoking status. We observed that the GG genotype was associated with the progression of PD as indicated by an increase in frequency of approximately 18% in the Moderate and 26% in the Severe groups compared to the Healthy control group (p = 0.0302). This finding indicates that patients carrying the GG genotype have a greater chance of developing PD compared with those carrying the T allele, and it reinforces the notion that genetic factors contribute to the development and aggravation of PD.
Introduction
Periodontitis is a chronic, tissue-destructive inflammatory state and multifactorial disease initiated and modulated by microbial and other environmental factors. Despite the impact of these external elements, there are convincing data indicating that genetic factors may play a significant role in the risk of periodontal diseases (PD) [1] .
Nitric oxide (NO), which is a highly reactive free radical, is implicated in the pathogenesis of various diseases due to its role as a modulator of immunity [2] . NO is formed by the oxidation of L-arginine through the activation of three different nitric oxide synthase (NOS) isoforms, and the endothelial isoform (eNOS) is responsible for the physiological production of NO in endothelial cells and platelets [3] . eNOS-mediated NO production is also involved in critical processes relevant to periodontal disease pathogenesis, which include the inhibition of cyclooxygenase, regulation of osteoblast activity, prevention of leukocyte adhesion, release of superoxide anions from leukocytes, and suppression of T-cell proliferation [4, 5] ; therefore, eNOS may be involved in the pathogenesis of periodontal diseases.
Gene polymorphisms, which are found in the eNOS gene, may cause significant changes in function by altering the levels or activities of specific proteins. In this case, a single base exchange (894G > T) in exon 7 of the eNOS gene results in a Glu/Asp amino acid substitution at residue 298 of the encoded protein. This substitution could result in reduced enzyme activity and basal NO production, which is possibly due to increased susceptibility to proteolytic cleavage [6] . Moreover, the polymorphism G894T of eNOS gene could be a potential genetic factor for association with periodontal disease. Therefore, this study was designed to investigate the role of the G894T polymorphism in the eNOS gene as a predisposing factor to PD.
to the Intercath-Meridional Hospital (Cariacica, ES, Brazil) and University Hospital Antonio Cassiano de Moraes (Vitoria, ES, Brazil) for periodontal evaluation. The patients were divided into three groups: patients without periodontal disease (Healthy Control Group, N = 31) and patients with diagnosis of moderate (Moderate Group, N = 53) or severe (Severe Group, N = 35) PD. Patients that reported previous periodontal treatment within six months, that had less than six dental elements, that required medication prior to dental treatment, or that contained an immunological, acute or chronic inflammatory or infectious disease were excluded. The human research ethics committee of the Biomedical Center of the Federal University of Espirito Santo (FR-056981), Brazil, previously approved the study protocol. Written and informed consent was obtained from all patients.
Clinical Data
All patients provided information about periodontal diseases risk factors such as age, gender or smoking status. Patients were defined as smokers if they were currently or previously (less than one year ago) had been addicted to tobacco smoking. Periodontal disease was defined according to the severity of periodontitis by measuring the probing depth and attachment level obtained at six sites around each tooth present, and each patient was classified as being Healthy (no signs of PD or sites with probing depth < 3 mm), with Moderate periodontitis (attachment loss of >3 to <6 mm) or with Severe periodontitis (attachment loss > 6 mm).
Genetic Analysis
eNOS polymorphism was analyzed after genomic DNA extraction from peripheral blood leukocytes using the phenol-chloroform method. The G894T (rs1799983) polymorphism was analyzed by polymerase chain reaction (PCR) and restriction fragment length polymorphism analysis. PCR was performed using primers: 5'-TCC CTG AGG AGG GCA TGA GGC T-3' (sense) and 5'-TGA GGG TCA CAC AGG TTC CT-3' (antisense) (Life Technologies do Brazil Ltda., Invitrogen) to amplify the gene promoter region. DNA (0.5 μg) was amplified using 2 U of Taq DNA polymerase (Life Technologies do Brazil Ltda., Invitrogen), 0.2 mM of each dNTP, 0.2 µM of each primer and 1.5 mM MgCl 2 in a final volume of 30 μL. The amplification reaction was carried out by alternating 35 cycles of denaturing at 95˚C (1 min), annealing at 59˚C (1 min) and extension at 72˚C (1 min) using a DNA thermal cycler (Eppendorf, Sao Paulo, Brazil). The resulting 457-bp amplification product was incubated at 37˚C for at least 3 hours with 2 U of the restriction enzyme BanII (Uniscience, Sao Paulo, Brazil) and the amplified fragments were digested into smaller fragments (137 and 320 bp). The BanII restriction site is lost in the case of a G to T substitution at position 894 of the eNOS gene. Finally, the BanII treated fragments were separated on an 8% polyacrylamide gel stained with silver nitrate.
Statistical Analysis
Quantitative variables are presented as mean ± SD and qualitative variables as percentages. To assess independent relationships between variables, one-way ANOVA (age) and X2 tests (gender and smoking habits) were performed. To assess the influence of genotypes on PD, a X2 test for trends was used. Statistical analysis was carried out with the GraphPad Prism 5.0 software. A p-value ≤ 0.05 was considered as significant.
Results
Clinical characteristics and the prevalence of PD risk factors of the groups of patients are shown in Table 1 . The data show no statistical differences between groups for age, gender and smoking habits.
The genotype and allele frequencies of the G894T eNOS polymorphism for each group are shown in Table  2 . Genotype frequency was consistent with that predicted by the Hardy-Weinberg equilibrium in all groups of patients. A significant difference in genotype frequency was observed between groups (p = 0.0302). The homozygote genotype (GG) was associated with the severity of PD, with an increase of 18% in the frequency in the Moderate group and 26% in the Severe group compared with the Healthy Control group. The opposite was observed with the genotypes containing the polymorphic T allele (TG + TT): the frequency was higher in the Healthy Control group compared to the Moderate group (-18%) and to the Severe group (-26%) (p = 0.0302).The G and T allele frequencies showed only a tendency toward the same results that were observed with genotype distributions.
Discussion
The pathophysiology of periodontitis, like other complex diseases, is characterized by various biological pathways leading to the same clinical phenomena. Multiple genes and their polymorphisms may all have a small overall contribution and relative risk to disease susceptibility and severity [1] . In the present study we intended to evaluate the contribution of the G894T polymorphism of the eNOS gene to PD in groups of Healthy Control, Moderate and Severe PD subjects. Our analysis of the G894T eNOS polymorphism shows that the GG genotype seems to be linked to the severity of PD.
Risk factors, such as aging, gender, and environmental factors, such as smoking, stress, and pathogenic bacteria, along with genetic factors, are involved in the pathogenesis of periodontitis [7] . Importantly, we ruled out the possible influence of risk factors for PD, such as aging, gender and smoking habits, on the results from the polymerphism analysis because these parameters were of similar proportion among the 3 groups of patients. This reinforces the contribution of genetic factors to the etiology of the PD [1] .
There are evidences that eNOS may be involved in the pathogenesis of PD [4, 5] , but the gene polymorphisms of this enzyme is not yet well established. The G894T polymorphism is the only coding region variation among the several identified polymorphisms of the eNOS gene and has been suggested to be a non-silent variant [6, 8] . This substitution has been reported to exert a functional effect on the eNOS protein and is associated with altered NO synthesis and bioavailability, indicating that subjects with the TT genotype may be more susceptible to endothelial dysfunction [9] . Also, the susceptibility associated with this substitution may lead to exaggerated inflammation and periodontal tissue destruction because eNOSmediated NO production is suggested to be tissue protecttive and possesses anti-inflammatory features [2] . The involvement of the G894T polymorphism of the eNOS gene in PD was previously evaluated in two studies in a Turkish population [2, 10] . The authors observed an increase in this polymorphism in patients with PD compared with those without the disease and observed a significant association with the severity of PD and presence of gingivitis. However, in our study with an admixtured Brazilian population, we evaluated this polymorphism in accordance with the severity of the PD and observed that the GG genotype seems to be associated with the progression of PD (18% in the Moderate and 26% in the Severe groups compared to the Healthy Control group). The discrepancy in the results among these three studies seems to be due to differences in the patient's race.
Metzger et al. [11, 12] evaluated the effects of the described polymorphisms of eNOS (T-786C in the promoter region, b/a in intron 4, and G894T in the exon 7) related to plasma levels of nitrite metabolites and found that a specific eNOS haplotype, which includes the C, 4 b, and G alleles, is associated with lower circulating NO levels [11, 12] . Moreover, it has been shown that approximately 70% of plasma nitrite is derived from NOS activity in the endothelium [13] . Thus, the above studies support our findings that show that patients with the GG genotype of the G894T polymorphism of the eNOS gene have a greater risk of developing PD.
In conclusion, this study is the first to evaluate the involvement of the eNOS polymorphism in PD for a Brazilian population. We observed a higher incidence of the GG genotype of G894T polymorphism of eNOS gene in patients with moderate to severe PD compared to healthy control individuals. This finding indicates that patients carrying the GG genotype have a greater chance of developing PD compared with those carrying the T allele, reinforcing the contribution of genetic factors to the development and aggravation of PD.
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